I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Traumatic brain injury (TBI) is assuming epidemic proportions and affects the young population. In India, about 35,000 patients die each year, 125,000 acquire a disability every year secondary to TBI, and over a crore persons among population live with the chronic disability.\[[@ref1]\] Survivors of TBI frequently suffer multiple physical, endocrine, and neuropsychiatric complications requiring assistance with activities of daily living following head injury. Hypopituitarism is reported to the tune of 27%--47% in cases of TBI.\[[@ref2]\] Most of them have growth hormone (GH) deficiency and some of them have other associated anterior pituitary hormonal deficiency.\[[@ref3]\] There is also considerable overlap between the chronic sequelae of TBI and clinical features of hypopituitarism. The pathophysiological mechanisms leading to long-term consequences after TBI include changes to the blood-brain barrier, free radical-induced damage, increased apoptosis, and deposition of β-amyloid plaque.\[[@ref4]\]

Armed forces are also exposed to the problem of TBI leading to morbidity and mortality in young soldiers. The admission rate due to head injury is in excess of 15--20 per month at most of the tertiary centers and many of them are being followed up without any formal evaluation for hypopituitarism. TBI affects mostly young soldiers in productive years of life. The previous reports suggest that moderate to severe TBI is associated with neurocognitive deficits, dementia of Alzheimer type, Parkinson disease, and endocrine dysfunction.\[[@ref5]\] The clinical features of hypopituitarism are subtle and overlap with the neurological and psychiatric sequelae of head injury.\[[@ref6]\] This explains the delayed diagnosis of hypopituitarism in most of the patients, leading to serious consequences. The management of patients with TBI requires a close liaison between the endocrinologists, neurosurgeons, and intensive care physicians. There are limited data regarding the prevalence of hypopituitarism after TBI from India.\[[@ref7]\] Hence, we conducted this study to identify the prevalence of hypothalamo-pituitary dysfunction in patients with TBI and its association with the severity of trauma. We also analyzed the risk factors predicting the long-term hypopituitarism after TBI.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

We conducted this prospective study over a period of 2 years at a tertiary care referral center, and the study protocol is shown in [Figure 1](#F1){ref-type="fig"}.

![Flow diagram of the study](IJEM-20-772-g001){#F1}

Study participants {#sec2-1}
------------------

All consecutive patients with head injury aged 18--45 years admitted to surgical Intensive Care Unit (ICU) with a diagnosis of head injury between January and December 2012 were included in the study. The patient who sustained a head injury at a peripheral location and was transferred to our center also was included in the study provided the date of admission in our hospital is within 7 days from the date of injury. We excluded patients with a history of thyroid or endocrine disorders, long-term drug intake affecting the hypothalamo-pituitary axis, radiation exposure, and known diagnosis of alcohol dependence syndrome. The patients were subdivided into three groups based on the documented initial Glasgow coma scale (GCS). They include mild (GCS 13--15), moderate (GCS 9--12), and severe (GCS ≤ 8).

Tools and techniques {#sec2-2}
--------------------

Detailed history, physical examination, including neurological deficit were assessed in all patients at admission and after 12 months of observation. The patients were specifically asked about the features to suggest hormonal dysfunction during the follow-up. All the patients underwent evaluation for hormonal dysfunction three times (baseline, at 6, and 12 months) during the study. Baseline evaluation was done between 0 and 10 days after sustaining the head injury.

Interventions {#sec2-3}
-------------

A fasting blood sample was collected between 0800 and 0900 h for all patients from an indwelling venous catheter. The samples from admitted patients in the immediate postinjury phase were collected in the 1^st^ day morning after admission to the ICU. The hormonal dysfunction was assessed in the basal sample only in majority and dynamic testing (insulin tolerance test, adrenocorticotropic hormone \[ACTH\] stimulation test) was done in selected cases. All the samples were analyzed for thyroid hormones (total triiodothyronine \[TT3\], total thyroxine, thyroid stimulating hormone \[TSH\], free triiodothyronine \[FT3\], Free thyroxine \[FT4\]), gonadal hormones (luteinizing hormone (LH), follicle-stimulating hormone \[FSH\], testosterone in males, estradiol in females), adrenal (cortisol, ACTH, dehydroepiandrosterone \[DHEA\], DHEA sulfate \[DHEAS\]), GH \[insulin like growth factor-1 (IGF-1)\], prolactin, and HbA1c.

Assay techniques {#sec2-4}
----------------

The collected blood samples were centrifuged immediately, and the plasma samples were stored at −80°C before the final analysis. The samples were labeled and analyzed simultaneously by a single laboratory technician to minimize the sampling errors. The entire hormonal panel was evaluated using an electrochemiluminescence assay except for IGF-1 and testosterone, which were measured by the enzyme immuno assay method.

Diagnostic criteria {#sec2-5}
-------------------

Secondary hypothyroidism was defined as low FT4 (normal, 0.8--2.1 ng/ml) with normal or low TSH (normal 0.5--4.5 µIU/ml). Hypogonadism was defined in males with testosterone \<300 ng/dL (normal 310--1200 ng/dL) and amenorrhea along with estradiol \<30 pg/mL in females with inappropriately normal or low LH and FSH levels. Adrenal insufficiency was diagnosed when 8 AM cortisol was \< 100 nmol/L and stimulated cortisol is below 500 nmol/L. We did not study the relative adrenal insufficiency in the subjects and performed either insulin tolerance test or post-ACTH cortisol to assess for adrenal function. An IGF-1 level below the range specific for the age is considered as diagnostic of GH deficiency (GHD), and we did not do GH stimulation test. The antidiuretic hormone (ADH) deficiency and diabetes insipidus (DI) was considered in cases of symptomatic polyuria and polydipsia and is confirmed with the help of water deprivation test. A diagnosis of complete hypopituitarism was made with dysfunction of more than or equal to three hormonal axes and partial hypopituitarism otherwise.

Statistical analysis {#sec2-6}
--------------------

Date are presented as mean and standard deviation and comparison between the groups was done by one-way ANOVA and Chi-square test. Follow-up data were analyzed by repeated measures ANOVA test at the end of 1 year of observation (*n* = 32). To identify the associations with pituitary insufficiency, univariate logistic regression analysis was conducted with hormone deficiency (Yes/No) as a dependent variable and others (age, GCS at onset, duration of ICU stay, ventilator requirement, single, or multiple hormonal dysfunction) as independent continuous variables. The statistical analysis was done using GraphPad Prism Software, Version 6 (GraphPad Prism Software, USA) and a *P* \< 0.05 was considered as statistically significant in all the tests.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of 56 patients (44 males, 12 females) aged (mean 31.7 ± 7.8 years, range 18--45 years) participated in our study. The detailed demographic characteristics of the study population are given in [Table 1](#T1){ref-type="table"}. Patients were hospitalized for mean 12.4 days (4--132), and the duration of stay in the ICU is 3.2 days. The gap between the occurrence of the head injury and the admission to the service hospital was 23.8 ± 18 h (range between 3 and 96 h). At the time of testing early posttraumatically, 14 patients received noradrenaline, and 46 patients were treated with antibiotics.

###### 

Baseline characteristics of the study population

![](IJEM-20-772-g002)

The details of the hormonal axes dysfunction identified are shown in [Table 2](#T2){ref-type="table"}. Thirty-nine (70%) patients had biochemical changes in the early posttraumatic phase and the numbers decreased to 7 and 8 at the end of 6 months and 1-year follow-up, respectively.

###### 

Hormonal axes dysfunction in the study population

![](IJEM-20-772-g003)

Thirty-one (67%) patients had hypogonadotropic hypogonadism and 15 (33%) patients had central hypothyroidism. Two patients had elevated TSH with low T3 and T4 suggestive of primary hypothyroidism, which is unrelated to the TBI. The patients were grouped as per the initial GCS into 3 groups, and the hormonal parameters are given in [Table 3](#T3){ref-type="table"}. All the hormonal results were the same between all 3 groups except for the TT3, which was less in patients with severe TBI.

###### 

Clinical and hormonal features as per the initial severity of traumatic brain injury

![](IJEM-20-772-g004)

Serial evaluation {#sec2-7}
-----------------

The observed change in the hormonal panel during the follow-up is given in [Table 4](#T4){ref-type="table"}. Thyroid hormones and IGF-1 showed a gradual rise serially after initial suppression as shown in [Figure 2](#F2){ref-type="fig"}. HbA1c and LH showed a negative trend during the follow-up. Other adrenogonadal hormones did not show any significant changes during follow-up. The number of patients with hormonal dysfunction at different time intervals is shown in [Figure 3](#F3){ref-type="fig"}. In the initial evaluation, a total of 39 out of 56 patients had evidence of hormonal dysfunction. Eight patients had two axes disturbances which include hypocortisolism with GHD (*n* = 3), GHD with hypogonadism (*n* = 3), hypocortisolism with DI (*n* = 1), and hypogonadism with central hypothyroidism (*n* = 1). Five patients had biochemical changes mimicking complete hypopituitarism in the early posttraumatic phase. Three patients had hypogonadism, GHD, and hypocortisolism while the remaining two had secondary hypothyroidism, GHD, and hypogonadism. None of the patients had altered prolactin levels in our study.

###### 

Serial changes in hormone levels after traumatic brain injury (*n*=32)\*
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![Serial changes in selected hormones](IJEM-20-772-g006){#F2}

![Number of Patients with hormonal dysfunction](IJEM-20-772-g007){#F3}

Six months posttraumatically, anterior pituitary deficiencies were confirmed by repeated testing in 7 of the 41 (13%) patients. Out of the seven patients, only 1 patient had complete hypopituitarism (hypogonadism, GHD, and hypothyroidism), 1 had partial hypopituitarism (hypogonadism and GHD), and the remaining 5 had single hormonal dysfunction. At 12 months, 1 patient persisted with multiple hormone deficits, and 1 additional patient developed isolated central hypothyroidism.

High-risk factors for hormonal dysfunction {#sec2-8}
------------------------------------------

Old age (*P* = 0.0232), low GCS score at onset (*P* = 0.0012), and plurihormonal disturbance at baseline (*P* = 0.0356) are the risk factors for the persistent hormonal dysfunction at the end of 1 year as shown in [Table 5](#T5){ref-type="table"}. Other parameters such as sex of the patient, the nature of the injury, ventilator requirement, duration of stay in the hospital, and loss of consciousness did not predict the hypopituitarism during follow-up (*P* \> 0.05).

###### 

Logistic regression model for hormone deficiency at the end of one year
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Our findings have important implications in the clinical practice, especially for the armed forces. We showed that the hypothalamo-pituitary dysfunction was seen in 70% of the patients during initial evaluation with spontaneous improvement in the majority. Long-term dysfunction is seen in 15% (8 out of 56) of the patients. There is an unmet need to rehabilitate these soldiers of TBI, and it is mandatory to screen for the endocrine dysfunction to prevent the long-term morbidity. Old age, the severity of TBI, and the presence of multiple hormonal axes disturbances in the initial stages predicted the long-term hypopituitarism. Our data and previous reports suggest that the severity of the TBI correlates well with the permanent hypothalamic pituitary dysfunction.\[[@ref2][@ref3][@ref7]\] Hypopituitarism is overlooked in survivors of TBI, due to lack of protocol-based follow-up, and incoordination between the concerned specialists.\[[@ref8][@ref9]\]

Our data suggest that isolated pituitary deficiency was common when compared with multiple hormone deficiencies. The previous reports suggest that the multiple hormonal deficiency is common over the isolated hormonal axis involvement.\[[@ref10][@ref11]\] This could be due to the differences in the study cohort, number of performing tests, assay problems, and the use of different diagnostic tests and criteria. The results of the dynamic tests pertaining to the GH and ACTH axes vary widely, thereby prompting a confirmatory test in the majority of the cases.\[[@ref12][@ref13][@ref14]\] None of the patients with hormonal abnormality at the end of 6 months recovered during the follow-up period. This suggests that the recovery phase after brain injury is limited to the initial 3--6 months only. In acute phase after the head injury, there is a reduction in the thyroid, gonadal, ADH hormones, and hyperprolactinemia.\[[@ref15][@ref16]\] Severe TBI patients show these compensatory changes in the hormonal milieu, which is mediated by the release of inflammatory cytokines.\[[@ref17]\]

Central hypogonadism and hypothyroidism are common during the acute phase after the injury, and hence alterations of these hormonal axes did not predict the long-term hypopituitarism.\[[@ref18]\] Few reports suggest that the level of free cortisol is a useful marker for identifying the patients at risk for long-term hypopituitarism in TBI patients.\[[@ref19]\] Hypothalamo-pituitary lesions were observed in up to two-thirds of patients on autopsy studies of TBI patients.\[[@ref20][@ref21]\] The previous reports also suggest the role of GCS as a predictive factor as observed in our study.\[[@ref22]\] Increased intracranial pressure (ICP) is a strong indicator of increased TBI severity. We were unable to measure the ICP, precluding the evaluation of the same as a prognostic factor.

The presence of structural changes did not correlate well with underlying hormonal dysfunction in patients after TBI.\[[@ref20][@ref22]\] Neuroimaging was done as per the relevant clinical indications and MRI was not done in all the study participants. Hence, we did not include the structural changes as an important variable in our study. The strength of our study is the single-center, prospective design, and the limitations include small sample size for carrying the primary and subgroup analysis, hormonal evaluation in a single sample and nonconduct of dynamic testing in all the study participants. We could not localize the etiology of hypopituitarism, either to pituitary, or the hypothalamus, for the lack of facilities to test for specific trophic hormones.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

High prevalence of anterior pituitary hormone dysfunction is observed in the immediate phase after TBI. The majority of the patients recover spontaneously and persisting abnormalities are seen in one-sixth of the patients. Screening for occult endocrine dysfunction is essential in TBI patients to improve the long-term rehabilitation.
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